Morpholinium dihydrogen citrate hydrate by Chen, CY et al.
organic papers
o1030 Chen, Wei, Zhou and Ng  C4H10NOC6H7O7H2O DOI: 10.1107/S1600536803013874 Acta Cryst. (2003). E59, o1030±o1032




Morpholinium dihydrogen citrate hydrate
Can-Yu Chen,a Zan-Bin Wei,a
Zhao-Hui Zhoua and
Seik Weng Ngb*
aDepartment of Chemistry, Xiamen University,
Xiamen 361005, People's Republic of China,
and bDepartment of Chemistry, University of




T = 298 K
Mean (C±C) = 0.003 AÊ
R factor = 0.055
wR factor = 0.143
Data-to-parameter ratio = 11.0
For details of how these key indicators were
automatically derived from the article, see
http://journals.iucr.org/e.
# 2003 International Union of Crystallography
Printed in Great Britain ± all rights reserved
In the crystal structure of the title compound,
[O(CH2CH2)2NH2][C6H7O7]H2O, the cation interacts with
the negatively charged carboxylato group of adjacent anions
[N  O 2.847 (3) and 2.942 (3) AÊ ], forming a linear chain
running along the b axis of the crystal. Adjacent chains are
linked through the carboxylic ÐCO2H groups and the water
molecule into a layer structure.
Comment
A previous report described the dicyclohexylammonium salts
of monocarboxylic and dicarboxylic acids (Ng, 2003). For
some of the acids, their reaction with dicyclohexylamine
afforded the corresponding ammonium carboxylate as a
hydrate (Ng, 1992; Yang et al., 2002). On the other hand,
others reacted with an excess of this secondary amine to yield
only the mono(ammonium) salt, e.g., dicyclohexylammonium
hydrogen oxalate (Ng, 1994). The reaction with the tribasic
acid, citric acid, gave a compound that rapidly turned opaque
when the crystals were removed from its solution in ethanol;
on the other hand, the use of diisopropylamine in place of
dicyclohexylamine led to a syrupy material after the solvent
had evaporated. A cursory check through the Cambridge
Structural Database (Allen, 2002) on the sec-ammonium
derivatives of carboxylic acids suggested the use of morpho-
line, as this amine furnishes a large number of isolable
carboxylates, such as chloronitrobenzoates (Ishida et al.,
2001a,b,c) and morpholinoformate (Brown & Gray, 1982).
Citric acid has also been characterized as an N-substituted
piperidinylium salt (Peeters et al., 1979). In the present study,
the reaction of citric acid with either one or two molar
equivalents of morpholine gave the air-stable title compound,
(I) (Fig. 1).
In the crystal structure of (I), the cation interacts with the
carboxyl O atoms of two citrato anions [N  O 2.847 (3) and
2.942 (3) AÊ ], resulting in the formation of a linear chain
running along the b axis of the crystal. Such a hydrogen-
bonded motif has previously been noted in dicyclohexyl-
ammonium tri¯uoroacetate (Ng, 1999). Adjacent chains are
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linked through the carboxylic ÐCO2H groups and water
molecule into a layer structure (Fig. 2 and Table 2).
Experimental
Morpholine (0.87 g, 10 mmol) and citric acid monohydrate (0.21 g,
10 mol) were heated in a small volume of ethanol (25 ml); a few drops
of water were added to dissolve the acid completely. Slow evapora-
tion of the solvent yielded the title compound. The use of twice the
quantity of the amine gave the identical compound. Elemental
analysis, found (calc. for C10H19O9N): 40.8 (40.4); H 6.5 (6.4); N 4.5%
(4.7%). IR (KBr pellet): COOH 1717, as(COO) 1414, s(COO) 1414,







a = 11.3774 (6) AÊ
b = 12.4823 (7) AÊ
c = 18.437 (1) AÊ
V = 2618.3 (2) AÊ 3
Z = 8
Dx = 1.508 Mg m
ÿ3
Mo K radiation
Cell parameters from 4726
re¯ections
 = 2.4±27.3
 = 0.13 mmÿ1
T = 298 (2) K
Block, colorless












h = ÿ13! 13
k = ÿ14! 10
l = ÿ20! 21
Re®nement
Re®nement on F 2
R[F 2 > 2(F 2)] = 0.055














max = 0.29 e AÊ
ÿ3
min = ÿ0.19 e AÊ ÿ3
Table 1










































Hydrogen-bonding geometry (AÊ , ).
DÐH  A DÐH H  A D  A DÐH  A
O3ÐH3o  O2i 0.85 (1) 1.76 (1) 2.612 (2) 176 (4)
O5ÐH5o  O1w 0.86 (1) 1.68 (1) 2.529 (3) 172 (4)
O7ÐH7o  O1 0.85 (1) 1.89 (2) 2.625 (2) 144 (3)
N1ÐH1n2  O1 0.85 (1) 2.13 (2) 2.847 (3) 143 (3)
N1ÐH1n1  O2ii 0.85 (1) 2.12 (2) 2.942 (3) 162 (3)
O1wÐH1w1  O6iii 0.85 (1) 2.16 (2) 2.932 (3) 152 (3)
O1wÐH1w2  O7ii 0.85 (1) 1.93 (1) 2.782 (3) 175 (4)
Symmetry codes: (i) 32ÿ x; 1ÿ y; 12 z; (ii) 32ÿ x; yÿ 12; z; (iii) 12 x; 12ÿ y; 1ÿ z.
The water, hydroxyl and ammonium H atoms were located and
re®ned. The aliphatic H atoms were positioned geometrically (CÐH
0.97 AÊ ), and were included in the re®nement in the riding model
approximation; the displacement factors were set to 1.5 (methyl) or
1.2 (other H atoms) times Ueq of the parent atom.
The diffraction measurements were performed up to a 2 angle of
56; however, as the inclusion of re¯ections above 50 led to an R
factor greater than 7%, these were excluded from the re®nement.
Data collection: SMART (Bruker, 2001); cell re®nement: SAINT
(Bruker, 2001); data reduction: SAINT; program(s) used to solve
structure: SHELXS97 (Sheldrick, 1997); program(s) used to re®ne
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Figure 2
ORTEPII (Johnson, 1976) plot, illustrating the hydrogen-bonded layer
structure. H atoms are omitted.
Figure 1
ORTEPII (Johnson, 1976) plot of (I), with displacement ellipsoids drawn
at the 50% probability level. H atoms are drawn as spheres of arbitrary
radii.
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structure: SHELXL97 (Sheldrick, 1997); molecular graphics:
ORTEPII (Johnson, 1976); software used to prepare material for
publication: SHELXL97.
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